Ruszkiewicz-Michalska M., Tkaczuk C., Dynowska M., Sucharzewska E., Szkodzik J., Wrzosek M.: Preliminary studies of fungi in the Biebrza National Park (NE Poland). I. Micromycetes. Acta Mycol. 47 (2): 213-234, 2012. This paper presents the results of the first short-term inventory of fungi species occurring in the Biebrza National Park, one of the biggest and best preserved protected areas of Poland. The paper is focused on a survey of microfungi. Fungi were collected in early autumn 2012, within the framework of a scientific project by the Polish Mycological Society. The results are published in two parts containing micro-and macromycetes, respectively. An annotated list of 188 identified taxa covers true fungi including 33 zygomycetes, 130 ascomycetes (including anamorphs) and 22 basidiomycetes, as well as two chromistan and one protozoan fungal analogues. The identified fungi taxa, inhabiting diverse ecological niches, represent a wide range of trophic groups including biotrofic and necrotrophic parasites of plants, pathogens of arthropods, fungicolous fungi and saprotrophs isolated from soil and organic matter. From 188 annotated taxa, 89% (167 species) have not been recorded in the Biebrza National Park until now and four species are newly reported for Poland (Alternaria nobilis, Clonostachys solani, Mariannaea elegans, Metasphaeria cumana). Data on the species richness and taxonomic diversity of the identified fungi are briefly commented in terms of micromycetes role in managing nature conservation.
INTRODUCTION
A comprehensive knowledge of the organisms inhabiting national parks provides a basis for developing and improving species protection rules and range. For many hemerophobic species, national parks are a kind of lair where populations of rare species can survive and thrive and spread to adjacent areas. In general, reconnoitring of the biota of organisms occurring in a particular area is classically the first, necessary step in planning and processing their protection. This concerns fungi in particular as they are symbionts (mutualists and antagonists) and decomposers that crucially influence ecosystem functioning. Fungi, often neglected in the past, are currently more often considered in conservation plans (Dahlberg et al. 2011) , however, it is still necessary to understand and enlighten the role of micromycetes in nature conservation strategies (e.g., Denchev 2005; Ingram 2002 ). As many micromycetes are parasites and pathogens, they are usually considered as unworthy of protection and are very rarely included in the red lists (e.g., Helfer 1993; Denchev 2005; Minter 2007 Minter , 2011 .
The Biebrza National Park (BbNP) is relatively young (established in 1993) and is the largest (59.223ha, with a 66.824ha buffer zone) national park in Poland. The park was brought to life to conserve the entire river valley, from its sources to the mouth, making it unique within Europe (Dyrcz, Werpachowski 2005) . The natural longitudinal and transversal zonation of habitats and corresponding plant communities of the river valley, as well as a large complex of fens are preserved in an almost unchanged state. Peatlands are predominant among the habitats of the Biebrza valley, occupying approximately 82.000ha, of which two thirds are within the area of the national park. Forest communities (mainly alder and birch swamp forests) occupy only ca 26% of the BbNP area. To the total habitat and plant diversity of the BbNP greatly contribute diverse mineral 'islands' (called grądzik or grąd). They are characterized by high heterogenity of habitats and related plant communities (aquatic, semi-aquatic, rushes, thickets, forests, grasslands and anthropogenic ones) (Werpachowski 2005) . Although these 'islands' constitute only 1% of the total area of the Biebrza Valley, they host about 80% of its total flora (appraised on 1015 plant species).
The only group of fungi studied in relative depth in the area of the BbNP are soil mitosporic zygomycetes and ascomycetes (Tyszkiewicz 2004a (Tyszkiewicz , b, 2012 . However, works by Tyszkiewicz (l.c.) present the variability of the fungi in peat profiles, rather than their diversity in different plant communities. Particular attention has been paid to soil-and litter-inhabiting micromycetes (mainly zygomycetes and anamorphic fungi) from Biele Suchowolskie fen after a severe, long-lasting fire which happened in 2002 (Wilk 2009; Boulahdjel 2010; Budziszewska et al. 2010 ). In the survey by Budziszewska et al. (2010) , 41 zygomycetous species of soil fungi are listed from the area of the Biebrza Valley. The authors compared burnt and unburnt areas in terms of fungal richness and diversity. No inventory research on other groups of non-lichenized fungi has been conducted in the BbNP while the lichens have been surveyed by Kolanko (2005, incl. literature cited therein) .
Creating an inventory of fungi and slime mould biodiversity in the vast and diverse area of the BbNP is the first scientific project of the Polish Mycological Society, officially created at the end of 2011. The results of the short-term studies on fungi are presented in two consecutive papers. This one deals with species classified as micromycetes, while the second part , this issue) covers macromycetes. A few other micromycetes new to Poland will be the subject of forthcoming papers.
MATERIALS AND METHODS
The study was carried out on 28.08.-01.09.2012 in the central area of the BbNP and in particular in three protective units (Grzędy, Kapice and Werykle). Some observations were also conducted at the area of the Osowiec Fortress, located close to the park border. A map of the surveyed localities is included in the paper by Kujawa et al. (2012) . Materials consisted of the fungi of different taxonomic and trophic groups, inhabiting diverse substrates and ecological niches, arbitrarily treated in the paper as micromycetes (in the way adopted in Polish checklists, cf. Mułenko et al. 2008 , Wojewoda 2003 and Chmiel 2006 .
Fungi were collected according to group-specific methods (cf. Mułenko 2008; Tkaczuk et al. 2011b ) in a range of habitats, mainly in phytocoenoses of lime-oakhornbeam forest (Tilio cordatae-Carpinetum betuli), continental swamp/bog pine forest (Vaccinio uliginosi-Pinetum), as well as in patches of sand grasslands (Koelerio glaucae-Corynephoretea class) covering inland dunes. Fungi were also gathered from coniferous, deciduous and mixed forests (without determination of their syntaxonomic affinity) and from other habitats, including forest edges, roadsides, pathways, meadows, etc. The substrate of every species was determined and listed together with locality, date of collection and collector/identifier name(s).
Standard methods for studying each taxonomic group were used in the species identification (cf. Dynowska, Ejdys 2011; Keller 1987; Bałazy 1993; Goettel, Inglis, 1997; Budziszewska et al. 2010) . Identification was based on microscopic analyses using light microscope with 'phase contrast' and magnification 100-1000x and handmade sections or squash preparations mounted in water, lactophenol blue, lactophenol picric acid solution or aceto-orcein. The soil fungi were isolated by the soil dilution plate method on potato dextrose agar, the bait method, using dry shrimps and gammarids as baits, to obtain species belonging to Kickxellales (Bills et al. 2004; Kurihara et al. 2008 ) and Warcup soil plate technique (Warcup 1950) . Some saprobic species were obtained directly from organic material stored in moist chambers (Kurihara, Degawa 2006) .
The following monographs and keys were used: Braun (1995a Braun ( , b, 1998 , Domsch et al. (1993) , Ellis, Ellis (1997) , Gams (1977) , Hoffmann et al. (2007) , Ignatavičiutė, Treigienė (1998) , Kochman, Majewski (1970 , 1973 , Majewski (1977 Majewski ( , 1979 , Nannfeldt (1981) , Sałata (1985) , Skirgiełło, Zadara (1979) , Vanev et al. (1997) , Watanabe (2002) , Wołczańska (2005) , Zheng, Chen (2001) and Zycha et al. (1969) . Host plant species were determined using the key by Rutkowski (2004) . Taxonomic system of fungi and fungus-like organisms of Kirk et al. (2008) is adopted while nomenclature follows Keller (2007) , Mułenko et al. (2008) , and Index Fungorum. Names of plants and arthropods are given after Mirek et al. (2002) and Schaefer (2010) , respectively, while syntaxonomic nomenclature follows Matuszkiewicz (2006) .
The specimens documenting research are deposited in the Fungal Collection of the Herbarium Universitatis Lodziensis (LOD), in the Herbarium of the Faculty of Biology, University of Warsaw (WA) as well as in Fungal Collection of Department of Plant Protection of Siedlce University of Natural Sciences and Humanities, and in the Department of Mycology of the Warmia and Mazury University in Olsztyn.
RESULTS
In total, 188 fungal taxa were identified as the result of four days of field surveying. A number of interesting specimens still await determination. The recorded species belong to true fungi: 33 zygomycetes (Entomophthorales, Kickxellales, Mortierellales, Mucorales, Zoopagales), 130 ascomycetes (Capnodiales, Dothideales, Erysiphales, Hypocreales, Phyllachorales, Pleosporales, Xylariales, anamorphs) and 22 basidiomycetes (Exobasidiales, Pucciniales, Urocystales), as well as to chromistan (Peronosporales) and protozoan (Dictyostelida) fungal analogues (Tab. 1). The predominant group (135 species) comprises micromycetes associated with aboveground plant organs and other fungi. Fungi isolated from the soil (36 species) are the next numerous group and arthropod pathogens (17) are less numerous.
The following abbreviations and symbols are used in the lists of species: KPUKapice protective unit; GPU -Grzędy protective unit; WPU -Werykle protective unit; T-C -Tilio cordatae-Carpinetum betuli; V-P -Vaccinio uliginosi-Pinetum; (a) -anamorphic stage; (t) -teleomorphic stage; (0, I, II, III) -successive stages of rust fungi; * -species new to Poland. Initials of the names are given to denote collecting and/or identifying person (e.g., JS -Jarosław Szkodzik). Note. Species know from a single locality in north eastern Poland (Durska 1974; Mułenko et al. 2008 ). Note. The morphology of the fungus is similar to the one described by Mułenko and Kozłowska (2010) who repeteadly collected it in the Białowieża National Park. Note. So far, no member of the genus has been reported in Poland (Mułenko et al. 2008 
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West. on Oenothera biennis L. s.l., GPU, dune, sand grassland, 30 Micromycetes associated with arthropods. In total 15 species of entomopathogenic fungi were found as pathogens of different arthropods and three species were isolated from forest soil or litter by means of the Galleria bait method. Six entomophthoralean species from insects and one species from a mite were identified. The most numerous were species from the genus Zoophthora. Especially interesting is the second record of mycoses caused by Zoophthora sp. 1. in a population of whiteflies (Aleyrodes sp. L.) feeding on Chelidonium majus L. For the first time we found that the pathogen can infect not only the adults (Tkaczuk et al. 2011a ) but also the larval stage of whiteflies. Another fungal species from the genus Zoophthora caused heavy epizootics in flies from the family Lauxanidae in Kapice and Grzędy protected areas. The morphology of this fungus seems to be very close to Z. radicans, but in the light of recent recommendations to verify species identity by molecular markers, this assumption should be verified. In the course of the study the spider mite Eotetranychus tiliae has been identified as a new host for the acaropathogenic fungus Neozygites floridana.
From among 11 species of anamorphic Hypocreales (Ascomycota) affecting arthropods in investigated parts of the Biebrza National Park, two have been recognized as pathogens of spiders (Gibellula leiopus and G. pulchra) and two were pathogenic to mites (Hirsutella danubiensis and H. kirchneri) . H. danubiensis is very rare and known only from single localities in Poland and Austria (Bałazy et al. 2008; Tkaczuk et al. 2011a) .
Isaria farinosa and I. tenuipes, representing cordycipitaceous anamorphs, were found as pathogens infecting pupae of unidentified Lepidoptera in the forest litter and soil. In addition, from both aforementioned environments the entomopathogenic fungi Isaria fumosorosea, Metarhizium anisopliae and Beauveria bassiana were isolated by means of the Galleria bait method. Fungi isolated from soil and organic matter. In total 36 species of saprotrophic fungi were identified as a result of 33 plate analyses. 15 of them were prepared with the Warcup method, 10 with Gammari and shrimps baits, six plates with the dilution technique and two plates were filled with the excrement of wild animals. Only one species, Mucor hiemalis, was revealed in samples from several localities. Kickxella alabastrina, a very rare species in Poland, was observed only once, caught on a Gammarus bait. It is worth noting that usually Kickxellales members develop on a single bait unit, despite the regular arrangement of baits on soil entirely filling the plate. They are absent when the plate dilution method is used. The Warcup method allows their disclosure, but they grow always from separate soil particles, which could be identified as insect excrement or insect remnants (Kurihara 2006 
FINAL REMARKS
The first, short-term and area-limited inventory of fungi occurring in the BbNP has yielded a relatively high number of fungi taxa. The ratio infected plants/parasitic fungi observed currently is also rather high, reaching 1:0.7 (cf. analysis by Mułenko 1998, Tab. 2) . The presented results of our studies, although preliminary, give valuable information on the microfungi of the BbNP. The species' richness and taxonomic diversity of the determined fungi, together with a number of yet unidentified specimens, is promising for future studies in the protected area of the Biebrza Valley.
Key outcomes: • The initiation of mycological studies in the BbNP, the area that until now had very fragmented information on the fungi present, comprising mainly species belonging to macromycetes and soil-inhabiting taxa. As a result of the study, basic ecological data on 188 micromycete taxa, classified in 17 orders and a group of anamorphic fungi, occurring in the area have been gathered. 
